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for the statistical analysis and values of p < 0.05 were considered
signiﬁcant.
Results: Before ACL-R, average volume of synovial ﬂuid was 7.6+/-7.2ml
although it varied from individual patient (Max 15.5ml, Min 0.5ml). In
all patients, synovial ﬂuid volume surged around 3-fold at day 3 post
surgery (average 21.6+/-8.0ml, Max 25ml, Min 7.8ml). In most patients,
synovial ﬂuid volume returned to the basal level within 3 weeks post
surgery. Concentrations of TNF-alpha and IL1-beta were signiﬁcantly
increased at day 3 post surgery if compared to those at pre-operation
(p<0.05). In addition, the concentration of TNF-alpha was positively
correlated with the volume of synovial ﬂuid at pre-operation (r¼0.995,
p<0.01) and day3 post-operation (r¼0.535, p<0.05) while IL1-beta
levels were not at any time point. Throughout the time point, BMP7
levels were very low and did not change signiﬁcantly at pre- and post-
operation. Surprisingly, BMP7 levels were positively correlated with
IL1-beta levels at day 3 post-operation (r¼0.59, p<0.01). These suggest
that BMP7 may have subtle anti-inﬂammatory/anti-catabolic effect on
cartilage at the acute inﬂammatory stage after joint injury.
Conclusion: This is a longitudinal study of dynamic analysis of cytokine
levels in synovial ﬂuid from each patient undergoing ACL-R. In this
report, we examined the levels of TNF-alpha, IL1-beta, and BMP7 in
synovial ﬂuid and observed that TNF-alpha levels were signiﬁcantly
correlated with the volume of synovial ﬂuid.Figure 2. Method to determine initial concentration of biomarker within the syno-
vial ﬂuid.142
BIOMARKERS TO IDENTIFY CARTILAGE DAMAGE ARE INCREASED
AFTER A JOINT BLEED; AN EXPLORATIVE HUMAN AND CANINE IN
VIVO STUDY
L.F. van Vulpen, M.E. van Meegeren, G. Roosendaal, S.C. Mastbergen, F.P.
Lafeber. UMC Utrecht, Utrecht, The Netherlands
Purpose: Biomarkers have the capacity to detect cartilage degradation
in degenerative joint diseases such as osteoarthritis. They have the
potential to detect early, pre-radiographic changes in joints. In hae-
mophilia, a disease accompanied with arthropathy due to spontaneous
bleedings in the joint, a panel of four biomarkers for cartilage degra-
dation is associated with overall radiographic joint damage (Jansen et
al., A&R 2009). In the present study, we investigated for the ﬁrst time
whether these biochemical markers can detect cartilage degradation
immediately after a joint bleed.
Methods: Urinary C-terminal telopeptide of type II collagen (CTX-II),
serum Cartilage Oligmeric Matrix Protein (COMP), serum C1,2C
(cleavage product of both collagen type I and type II), and serum CS846
(the 864 epitope of aggrecan chondroitin sulphate) were measured in
samples of patients with haemophilia (n¼8). Samples were collected at
three different time points: within 2 days, after 3-5 days, and about 90
days after the patient reported a joint bleed (the last time point
considered baseline). In parallel, the same biomarkers were measured
in an experimental joint bleeding model using 7 dogs at four different
time points: before they received an experimental joint bleed (induced
by intra-articular autologous blood injections over 5 days), immediately
after this bleeding episode, 5 and 90 days later.
Results: In haemophilia patients, the levels of all four biomarkers were
elevated 3-5 days after a joint bleed when compared to baseline levels,
although the increase was not statistically signiﬁcant for each of the
biomarkers individual. A combined score of the four biomarkers 3-5
days after the bleed showed a statistically signiﬁcant increase when
compared to levels directly after the bleed (ratio of 1.010.17 at day 1-2
to a ratio of 1.100.20 at day 5; p¼0.024).
In parallel, in dogs, 5 days after the experimentally induced joint bleed,
the same panel of biomarkers (except sCOMP) was increased; uCTX-II
and the combined biomarker score being statistically signiﬁcantly
different from the time point directly after the bleed (3.810.85 vs
2.601.41, p¼0.007 and a ratio of 1.170.42 compared to a ratio of
0.980.39; p¼0.02 respectively). After 90 days the levels were similar
to the pre-bleeding levels.
Conclusions: This study demonstrates that biochemical markers of
joint tissue damage increase after a single joint bleed, both in haemo-
philia patients and after an experimentally induced canine joint bleed.
Due to the great variation in patients and bleeding characteristics in
a small number of patients, these effects were only approaching
statistical signiﬁcance. A combined score could be used to detect
cartilage degradation immediately after a joint bleed.Irrespectively, this explorative study clearly warrants further research
on the value of biochemical markers to detect the destructive properties
of a joint bleed.
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Purpose: Osteoarthritis (OA) comprises a continuum of joint remod-
eling across several years. The initiating events of OA are often
unknown, and OA is not typically diagnosed until signiﬁcant joint
degeneration has occurred. Detection of early-stage OA may provide
a better therapeutic window for disease modifying OA drugs, and the
OA research community has placed an emphasis on the development of
molecular OA biomarkers with the potential to detect OA prior to
radiographic evidence of joint destruction. The purpose of this study is
to describe a new magnetic nanoparticle-based technology for the
extraction of molecular biomarkers from an OA-affected joint (Figure 1).
Methods: In the magnetic collection technique, magnetic particles
functionalized with an antibody to a speciﬁc OA biomarker are injected
into the joint. Following an incubation period, a magnetic micro-needle
is inserted into the joint space, collecting a portion of the particle-
biomarker conjugates. Finally, the probe is removed, and biomarkers
and particles are processed for analysis. To determine the concentration
of biomarker within the joint, the amount of antibody and biomarker
collected with the magnetic needle must be quantiﬁed. As long as the
antibody-conjugated particles do not signiﬁcantly deplete the
biomarker within a joint, the law of mass action can be applied to
determine the joint-level biomarker concentration (Figure 2).
As a proof of concept, antibodies to the collagen degradation product
CTX-II were conjugated to horseradish peroxidase (HRP) and covalently
attached to 1 mm magnetic particles using an EDC crosslinking agent.
These particles were mixed with bovine synovial ﬂuid and allowed to
bind CTX-II for 5min. After incubation, particles were collected from the
synovial ﬂuid using an NdFeB micro-needle. The remaining ﬂuid and
uncollected particles were separated using a magnetic plate. Harvested
particles were diluted in 35 mL PBS containing 0.05% TWEEN-20, 2% BSA,
and 2 mM EDTA. 1 mL of sample were used for HRP analysis, with the
remaining 34 mL of sample heated at 85C for 3 min to release CTX-II.
Control experiments demonstrated brief heating completely disrupts
the interaction of biomarker and antibody, but did not signiﬁcantly
affect the level of detectable biomarker (not shown). Samples were
cooled to room temperature and centrifuged at 18,000g for 10 min.
Supernatants were analyzed for CTXII using Serum Pre-Clinical Carti-
Laps ELISA kit.
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CTX-II from bovine synovial ﬂuid (Figure 3). The amount of antibody
following magnetic collection can be quantiﬁed using HRP analysis
(Figure 4), and the amount of biomarker following magnetic collection
can be quantiﬁed using ELISA. Combined, these data along with the
calibrations described in Figure 2 can be used to determine the initial
amount of biomarker within a joint.
Conclusions:We have developed a newmagnetic harvesting technique
for the analysis of joint-level OA biomarkers. Moreover, since the
magnetic collection is not dependent upon the removal of synovial
ﬂuid, magnetic collection could potentially be used to collect
biomarkers from small joints with complex geometries, such as the
metacarpophalangeal joints. While further work is necessary to
demonstrate clinical safety, magnetic collection may be used more
immediately as a research tool to better understand joint-level molec-
ular changes occurring within rodent preclinical OA models.Figure 3. CTX-II collected from bovine synovial ﬂuid in vitro.Ă
Figure 4. Determination of the amount of total antibody collected. Antibody attached
to the harvested particles can be quantiﬁed using a reaction of the TMB substrate and
the HRP conjugated to the anti-CTX-II antibody. The reading are then compared to
solution of known antibody concentrations.144
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Purpose: Knee joint loads in walking are a mechanistic pathway to
initiation and progression of knee osteoarthritis (OA). These loads have
been shown to be modiﬁable through alterations in walking biome-
chanics in healthy individuals. Our purpose was to determine the gait
characteristics in individuals with knee OA that predict knee joint loads
to identify potential load-reducing behavioral adaptations.
Methods: The Intensive Diet and Exercise for Arthritis trial (IDEA) was
a prospective, single-blind, randomized controlled trial that enrolled
454 overweight and obese (mass:92.9 kg, height:1.66 m, BMI:33.6 kg/
m2), older (age:65.6 yrs) female (72%) and male adults with pain and
radiographic evidence of tibiofemoral OA (KL:2-3). After providing
written informed consent participants were assessed with three-
dimensional gait analysis using force plate and motion capture systems.
Gait biomechanics were assessed through standard inverse dynamics
followed by the application of a biomechanical knee model predicting
tibio-femoral compressive and shear forces. These forces were then
correlated with gait characteristics shown to be related to and causative
of knee loads in healthy adults, body weight and height, and WOMAC
pain and stiffness scores through Pearson ProductMoment Correlations.
Results: Mean baseline WOMAC pain and stiffness scores were: 6.45
(3.11), 3.49 (1.57). Mean baseline gait characteristics included: stride
length and rate: 1.30 (0.17) m, 0.93 (0.07) Hz; walking velocity: 1.21
(0.19) m/s; knee ﬂexion after heel strike: 27.4 (11.0) degrees; knee
compressive and shear forces: 2,683 (938) N, 397 (144) N. Signiﬁcant
correlations with knee compressive and shear forces are listed in table 1
in order of strongest toweakest. The relationships were similar between
all variables and knee compression and shear but slightly weaker for
shear. Pain, stiffness and stride rate were not related to knee loads.
Conclusions: Along with losing weight, older adults with knee OA can
enact behavioral changes in their locomotion biomechanics to reduce
knee joint loads. These include using shorter stride lengths with less
knee ﬂexion and walking at slower velocities. This combination of gait
adaptations is feasible in that it is well established that shorter strides
have less knee ﬂexion and produce slower gaits. The simple recom-
mendation of reducing stride length which would also reduce knee
ﬂexionandvelocitymaybe sufﬁcient to favorablyalter gait in adultswith
knee OA. Additionally, the relationships between these gait character-
istics and knee loads are similar to those previously reported for healthy
adults. We conjecture that pain and stiffness were not related to knee
joint loads in the current sample because these adultswerehomogenous
in their pain scores, had already adapted to pain and stiffness, and that
most amounts of pain or stiffness may elicit similar gait adaptations. It
remains to be investigated whether these gait adaptations, if initiated
soon after the onset of knee OA can alter the rate of disease progression.
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Signiﬁcant correlation coefﬁcients (all p<0.05)
Weight Height Stride Length Velocity Knee Flexion BMI
Knee Compression 0.61 0.61 0.65 0.47 0.44 0.25
Knee Shear 0.51 0.50 0.46 0.38 0.19 0.21145
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